had died, 68 from malignant neoplasms. For 63 employees who had left the plant (2-4%) the vital status remained unknown. The standardised mortality ratio for all causes of death was 0-87 and for all malignancies 0-97 compared with national rates. When local state rates were used the SMRs were slightly lower. Two deaths from leukaemia were observed compared with 2 35 expected (SMR = 0-85). SMRs for carcinoma of the oesophagus (2 0) and carcinoma of the stomach (1-38) were raised but not significantly. In one plant an internal "control group" was selected matched for age, sex, and date of entry into the factory and compared with the exposed group. In both groups a "healthy worker effect" was observed. The total mortality and mortality from malignant neoplasms was higher in the exposed than in the control group; the differences were not statistically significant. There were no deaths from leukaemia in the exposed group and one in the control group. The possibility of raised rates of miscarriages for women engaged in EO sterilisation in hospital has also been discussed.5
tality and mortality from malignant neoplasms was higher in the exposed than in the control group; the differences were not statistically significant. There were no deaths from leukaemia in the exposed group and one in the control group.
Ethylene oxide (EO) has toxic effects on different organ systems.' In short term tests it is genotoxic, has teratogenic properties, and in animals it causes malignant neoplasms (local fibrosarcomas after subcutaneous injections and stomach and brain tumours EO irritates the skin and mucous membranes. After inhalation central nervous symptoms such as headaches, nausea, dyspnoea, and disturbances of coordination are observed. In higher concentrations it causes periodic vomiting and may cause burns after skin contact. 2 Chromosomal aberrations3 and sister chromatid exchanges4 have been described in man. The possibility of raised rates of miscarriages for women engaged in EO sterilisation in hospital has also been discussed. 5 Two Swedish studies have reported a raised SMR for leukaemia.67 In one of these studies an additional raised rate from stomach carcinoma was also mentioned. A further study reported one case each of myelogenous leukameia and lymphosarcoma.'
In a fourth study, however, no case of leukaemia was observed.9 The question ofthe carcinogenicity of EO for man therefore still remains open; this view is confirmed by more recent reviews.'0 1 These differing published observations induced the Verband der Chemischen Industrie (VCI) to start its own study of exposure to EO in its member companies. The aim was the investigation of a possible association between exposure to EO and mortality (total mortality and mortality due to leukaemia or other types of neoplasms). The investigation was carried out by means ofhistoric cohort study with the calculation of SMRs.
Methods and materials STUDY DESIGN
Since only relatively few employees exposed to EO could be included in an epidemiological study from each producer or processor of EO in the Federal Republic of Germany it was decided to conduct a multicentre study in eight plants of the chemical industry.* All members of the cohort formed had to have been exposed to EO for at least 12 months before the closing date of the study (31 December 1982). The time of first exposure varied between 1928 and 1981 but for most cases started after 1950.
SELECTION OF COHORT
For all plants handling EO information was gathered from lists of names prepared by the personnel departments. This information was complemented by papers from the plants themselves-shift books, for example-concerning subjects previously exposed to EO and by notes from the occupational medical department concerning the "job history."
These lists were checked and completed where necessary. In addition, they were discussed in detail with the manager of the plant where the employees had a long exposure record to establish the following information:
Type figure) . Table 2 shows the sources of information on the causes of death whereas table 3 gives a general account of the duration of exposure and years since first exposure classified according to vital status and cause of death. The dead had had longer exposures; those who died from a neoplasm had a median exposure of 12 8 years and those who had died from other causes a median of 11 8 years. For those who were still alive at the end of the study the median duration of exposure was 9 5 years; for those whose vital status was unknown it was 3-2 years.
The findings are similar for the duration of risk. The total time of exposure was, wherever possible, divided into periods of "weak," "medium," and "strong" exposure. Of tion varied between zero and 11-5%; none of these foreign workers had died during the study.
STANDARDISED MORTALITY RATIOS
The mortality of the subjects exposed to EO was compared with that of the population of the Federal Republic of Germany and also with that of the state in which the particular plant was situated. Table 5 shows the SMRs for some selected causes ofdeath by comparison with the population of the Federal Republic. The SMRs calculated from rates in the separate states differ little from those in table 5. None of the SMR values differs significantly from unity. The overall SMR was 0-87 and may be due to a healthy worker effect. For all malignant neoplasms (ICD 140-208) the SMR was 0 97; there was no excess mortality from leukaemia (SMR 0-85). Only two cases of leukaemia were found among the exposed group in two plants. The power to detect an increased mortality from leukaemia in this study was 33% assuming a relative risk of two. With a relative risk of five the power is raised to 98% and is greater than 99% if a risk of 10 is assumed, as Hogstedt et al suggest. 6 The SMRs obtained allowing more than 10 years are similar to those reported above. The SMRs for cancers of the oesophagus (SMR = 2 0) and stomach (SMR 1-38) are the highest of those found for malignant neoplasms but neither is statistically significant. In table 6 the SMRs for stomach cancer are differentiated according to level and duration of exposure and period of risk; each subject was put into the category in which he had worked the longest. There was no increase of risk with increasing level of exposure.
A case-control analysis was carried out for stomach cancer. For each case five matched controls were selected from the cohort. The matching criteria were: year of birth (± five years), company, plant, and entry into the company (± five years). The test criterion was level of exposure. For five of the 14 cases no information as to the level of exposure was available and so the analysis could be carried out for only nine cases. All the matched pairs had the same level ofexposure and thus there was no indication ofa dose related effect. (A similar analysis was not undertaken for cancer of the oesophagus as there were only three cases.) of the stomach (1-38) are raised but are not statistically significant. The only known human carcinogens to which there was a possible additional exposure in some working areas were 4-amino-diphenyl, 2-naphtylamine, and benzene. Bladder tumours were not observed in the cohort, however. Since there was no increased incidence of leukaemia, the possibility of a mixed exposure to EO and benzene is not relevant.
Causes of death were obtained by the so called "best available information" since, because of legal regulations in the Federal Republic, it is usually not possible to get information for epidemiological studies directly from the death certificate. ' In a recent study no clear excess of leukaemia and no increase of stomach cancer was found.22 The SMRs for carcinoma of the oesophagus and stomach in our study are not significantly raised, although Hogstedt et al found an SMR > 9 for carcinoma of the stomach as for carcinoma of the oesophagus; the SMR for carcinoma of the stomach was statistically significant.2' It should be noted that at the time ofthe study in Sweden the ratio of mortality due to cancer ofthe stomach to that of leukaemia was 1 :1 whereas in the Federal Republic of Germany it is 2-5:1. After completion ofour study, one case of carcinoma of the stomach and two cases of carcinoma of the oesophagus have occurred in members of the cohort; this will certainly stimulate the follow up of this population.
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